Water deficit is the major cause of wheat (Triticum aestivum L.) yield losses in Iran and many other regions where the crop is not normally irrigated. The aim of the present study was to evaluate the ability of several selection indices to identify drought-resistant wheat genotypes. Twenty-one bread wheat genotypes were evaluated under two field experiments (post-anthesis drought stress and normal conditions). The experiments were arranged in a randomized complete block design with three replications in two successive growing seasons (2007/2008 and 2008/2009). The results showed that yields in the normal conditions were positively correlated with yields in the stress conditions. Several genotypes with good performance under both conditions were identified. Correlation analysis indicated that the most suitable drought tolerance criteria for screening substitution genotypes were mean productivity (MP), geometric mean productivity (GMP) and stress tolerance index (STI) (Group A genotypes) and when the stress was severe, stress susceptibility index (SSI) was found to be more useful index in discriminating resistant genotypes. Based on different drought indices, genotypes G4, G14 and G9 had the best ranking. In addition bi-plot and cluster analysis cleared superiority of these three genotypes in both seasons.
stress environments (Clarke et al., 1984; Hang, 2000) , such as Tolerance (TOL) (McCaig & Clarke, 1982; Clarke et al., 1992) . Mean Productivity (MP) (McCaig & Clarke, 1982) , Stress Susceptibility Index (SSI) (Fischer & Maurer, 1978) , Geometric Mean Productivity (GMP), Stress Tolerance Index (STI) (Fernandez, 1992) , Yield Index (YI) (Gavuzi et al., 1997; Lin, Binns, & Lefkovitch, 1986) and Yield Stability Index (YSI) (Bouslama & Schapaugh, 1984) have all been employed under various conditions. The objective of the present study were: 1) to evaluate the ability of several selection indices and 2) to identify high-yielding genotypes under post-anthesis drought stress using bi-plot and cluster analysis.
Materials and Methods
Two field experiments were carried out over two seasons (2007/2008 and 2008/2009 ) at Agriculture College; Razi University of Kermanshah (47 º 9′ N, 34 º 21′ E, 1319 m asl). Monthly mean rainfall and temperature data are presented in Table 1 . The experiments were arranged in a randomized complete block design with three replications under both non-stress and post-anthesis drought stress (not-irrigated after 50% anthesis). Non-stress conditions were watered after anthesis, milk and soft dough stage. Plots were 3-m long and consisted of six rows with 0.2m distance among rows. Sowing was done by hand on November 5, 2007 and November 12, 2008 . Plant density was 400 seed m -2 . The soil texture was clay-loamy, with pH of 7.2 and less than 1% organic matter. In both seasons, the experimental field was fertilized before sowing (50 kg N ha -1 and 50 kg P ha -1 ) and at stem elongation (50 kg N ha -1 ). The grain yield was measured by harvesting 1 m 2 of the central part of each plot at crop maturity. Drought resistances were calculated using the following indices: (Fischer & Maurer, 1978) (1) (Hossain, Sears, Cox, & Paulsen 1990) (2)
SSI= [1-(YS/YP)] / [1-( Y S/ Y P)]

MP= (YP+YS)/2
TOL= Yp-Ys (Hossein et al., 1990) 
STI= (YP+YS)/ (Y̅ P)
2 (Fernandez, 1992) 
GMP= (Yp×Ys)
0.5 (Fernandez, 1992) 
YI= YS/ Y S (Lin et al., 1986) 
YSI= YS/YP (Bouslama & Schapaugh, 1984) 
Where Ys is the grain yield of genotype under drought stress, Yp the grain yield of genotype under non-stress, Y s and Y p the mean yields of all genotypes under stress and non-stress conditions, respectively, and 1-(Y s/Y p) is the stress intensity. Data were analyzed using MSTAT-C and SPSS software for analysis of variance and Duncan's multiple rang test for mean comparisons. 
Results and Discussion
The results of analysis of variance for grain yield and resistance indices in both seasons are shown in Table 3 . Yields under normal conditions were about two times higher than yields under late drought stress in the present study. The stress intensity in the first and second year was 0.44 and 0.47, respectively. The highest yield genotypes under non-stress conditions were G4, G10 and G14 in 2007/08 and G3, G14 and G1 in 2008/09 . On the other hand, genotypes No.16 and 4 in the first year and genotypes No. 9 and 14 in the second year had maximum grain yield in late drought stress conditions. Based on ranking of MP, GMP and STI indices, G4, G14 and G10 in the first season and G14, G9 and G4 in the second time had the best performance and showed the highest value (Tables 4 and 5 ). In the normal conditions Yp was positive and significant correlation with Ys in the late drought stress in both seasons (Tables 6 and 7) . Rosielle and Hamblin (1981) showed that the genetic correlation between YP and YS is positive and significant. In our study, a general linear model regression of grain yield under drought stress on yield under normal condition revealed that a positive correlation has been existed between Yp and Ys indices with a similar coefficient of determination ( Figure 1 ). *, ** significant at 5% and 1% levels, respectively.
Zangi (2005) reported that a larger value of TOL represents more sensitivity to stress, thus a smaller value of TOL is favored for selection of the genotypes. G13 and G20 had the smallest TOL value in the first and second years, respectively, so they were recognized as the best genotypes based on this index (Tables 4 and 5 ). TOL was strongly correlated with yield in non-stress conditions and had less negative correlation with yield under stress www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 11; 2012 ( Tables 6 and 7) . TOL failed to recognize the best genotypes, because this parameter would tend to select for low-yielding genotypes. In this respect, similar results were reported by Clarke et al. (1992) in wheat; Rosielle and Hamblin (1981) ; Rizza et al. (2004) in barley genotypes and Sio-Semardeh et al. (2006) in wheat. Since MP is the mean performance under both stress and non-stress environments (Rosielle & Hamblin, 1981) , we also observed that MP has strongly positive correlation with yield under stress and non-stress conditions in the two seasons (Tables 6 and 7) . Therefore, it seems that selection planning based on this parameter can lead to screening of high-yielding genotypes in both conditions. Sio-Semardeh et al. (2006) reported that genotypes with relatively low yield exhibited high MP values under stress conditions. But, this was not found in our study, because genotypes showed similar values in both environments. As described by Farshadfar and Sutka (2002) , selection for MP increased yield in both stress and non-stress environments. Thus, G4, G10 and G14 in the first and G14, G9 and G4 in the second season exhibited high MP values. Hossain et al. (1990) used MP as a resistance criterion for wheat genotypes in moderate stress conditions. As expected, geometric mean productivity (GMP) was strongly correlated with both YP and YS. Therefore, a strong positive correlation between GMP and MP was observed in our study (Tables 6 and 7) . Similar results were obtained by Mohammadi et al. (2011) for STI, GMP and MP indices.
The stress tolerance index (STI) which was introduced by Fernandez (1992) was perfectly correlated with YP and YS in both years (Tables 6 and 7) . In this regard, Moghaddam and Hadi-Zadeh (2002) found that STI was more useful index in order to select favorable cultivars under stressful and stress-free conditions. In the present study, a linear model regression based on STI for grain yield under drought stress revealed a positive correlation between these criteria with a similar coefficient of determination (R 2 = 0.76) (Fig. 2) . Our results showed G14, G4 and G10 in the first year and G14, G9 and G4 in the second year had the highest STI (Tables 4 and 5 ). The stress susceptibility index (SSI) introduced by Fisher and Maurer (1978) was negatively correlated with yield under stress and positively correlated with yield in normal conditions in the two seasons. Regarding the fact that a low value of SSI is preferable; genotypes with low SSI values were considered as stress tolerant, because such genotypes showed a lower reduction in grain yield under stress environment compare to non-stress environment. SSI has been widely used by researchers to identify sensitive and resistant genotypes (Winter et al., 1998; Clarke et al., 1992) . The current study showed that the mean SSI appeared to be a suitable selection index to distinguish resistant genotypes. Yadav and Bhatnagar (2001) suggested the use of SSI in combination with yield under stress conditions. Vol. 4, No. 11; 2012 Figure 4. Dendrogram of measured trait means for 21 wheat genotypes using the WARDS method (average two years)
Conclusions
Yield under stress condition was dependent on yield under non-stress condition. However, STI, GMP and MP were able to identify genotypes with high yielding in both environments. SSI was found to be more useful index for discriminating resistant genotypes, although none of the indicators could clearly identify high yield genotypes under both stress and non-stress conditions (group A genotypes). In conclusion, it is concluded that the effectiveness of selection indices depends mainly on the stress severity. This supports the idea that only under moderate stress conditions, potential yield greatly influences yield under stress condition where YP and YS were better predictors than TOL, SSI and YSI for YP and YS than TOL, SSI and YSI. G4, G14 and G9 were identified as suitable genotypes for dry land areas of Iran such as Kermanshah Province, where drought stress more frequently occurs during post-anthesis stage.
